Introduction
The systematic positions of families of monocotyledons belonging to Helobiae of Engler and Prantl have been debated at length.
The above authors have included Potamogetonaceae, Najadaceae, Aponogetonaceae, Scheuchzericaeae, Alismataceae, Butomaceae and Hydrocharitaceae under its different suborders and consider the complex to be relatively advanced as compared to Pandanales.
Hutchinson on the other hand has divided Helobiae of Engler and Prantl into different orders.
Monocotyledons according to him have diverged in two different directions from the two aquatic orders, Alismatales and Butomales, the two in turn being derived from achenal Rananculoideae and follicular Helleborideae of Ranales. The other aquatic families included under Helobiae of Engler and Prantl have all been separated as distinct orders namely Aponoge tonales, Potamogetonales, Najadales, etc. and considered to have been derived from Alismatales in a distinct aquatic line of evolution.
Cytological studies have, however, not supported the claim of the primitiveness of Alismatales and Butomales and of the aquatic line of evolution, as outlined by Hutchinson. Chromosome numbers of these orders have been worked out by different authors from various centres of research (Maude 1940 , Love and Love 1942 , 1944 , Castro and Wagner 1950 , Erlandsson 1946 , Rao 1950 , 1953 , Harada 1956 , Sharma and Mukherjee 1955 , Sharma and Bhattacharya 1956 . But no concerted attempt has yet been made to assess correctly the status of these orders from a cytological standpoint.
Moreover several Indian species still remained unexplored from this aspect of study.
Cytological studies specially in Monocotyledons have provided considerable additional clues to the solution of taxonomic problems. The present investigation was therefore undertaken with the principal object of assessing the systematic status of the above orders of Hutchinson with the aid of cytological data so far available as well as of the ones studied in the present investigation. Type A -One pair of comparatively long (longest of the set) chromosomes with median primary constrictions. Type B -Five pairs of comparatively long to medium sized chromosomes with nearly subterminal primary constrictions. Type C -One pair of comparatively medium sized chromosomes each with nearly submedian primary constriction and a small satellite at the distal end of the shorter arm. Type D -Three pairs of comparatively short chromosomes with nearly submedian primary constrictions. Meiotic study shows ten bivalents in metaphase I (Fig. 20) Type C -One pair of comparatively long chromosomes each with a submedian primary constriction and a satellite at the distal end of the shorter arm. Type D -Three pairs of comparatively long to medium sized chromosomes with submedian primary constrictions. Type E -One pair of comparatively short chromosomes with median primary con strictions. Type F -Three pairs of comparatively short chromosomes with submedian primary constrictions.
One pair of 'F' is shorter than the rest. Meiotic study reveals ten bivalents in metaphase I (Fig. 23) Varying numbers like 2n=20 and 2n=16 are also observed in different cells (Figs. 27-28) . Meiosis is very irregular. Besides normal number n=11 (Fig. 29) , P. M. Cs containing n=7, 8, 10 are also observed. Pollen mother cells with lagging bivalents, dicentric bridge with acentric fragment in anaphase are observed. In some of the P. M. C. nonsynchronous divisions are found. In pollen grain mitosis varying chromosome numbers are observed, such as, 10 and 11 (Figs. 30-31) . In some, one or two micronuclei and irregular separation of chromosomes in anaphase are seen. Type E -One pair of comparatively medium sized chromosomes with median primary constrictions. Type E' -One pair of comparatively short chromosomes similar to 'E' type but much shorter in size. Type F -Two pairs of comparatively short chromosomes each with nearly median primary constrictions. Meiosis is regular. Eight bivalents are observed both in diakinesis and metaphase I (Figs. 33-34 ).
Discussion
General chromosome numbers in the different families with special reference to Alismataceae and Butomaceae. In Alismataceae, an aneuploid series of chromosome numbers has been reported starting from 2n=10 in Alisma plantago to 2n=34 in A. canaliculatum (Wulff 1939 , Harada 1956 and polyploidy have been recorded and duplication both at individual and genomic levels is held to have a significant role in the evolution of the species. In Sagittaria 2n=16, 20 and 22 chromosomes have been reported in different species and even in the same species, S. sagittifolia, all the different numbers have observed (Liehr 1961 , Nawa 1928 , Love and Love 1942 which evidently indicate intraspecific variations.
Individuals of S. sagittifolia studied during the present investigation have revealed 2n=22 chromosomes. But in addition , variant nuclei with 2n=20 chromosomes have also been observed. Such inconstancy in the somatic complement reflects the mechanism of speciation in this species. If variant nuclei with twenty chromosomes participate in the formation of daughter shoots, new individuals can originate with twenty chromosomes in the somatic cells (Sharma 1956 ). The variation in chromosome number in Sagittaria does not indicate a definite homoploid series as suggested by Harada (1956) .
In Limnophyton obtusifolia the chromosome number so far reported is 2n=24
(Narasimha Murthy 1933). In the same species, 2n=22 chromosomes have been recorded by the authors, indicating the occurrence of intraspecific variation in chromosome number. The origin of individuals with different chromosome numbers in this species can be visualised from the meiotic data, in which lagging and other irregularities have been observed with regular 11 bivalents. As seed setting is also profuse, possibly meiotic aberrations play a very important role in the evolution of species of Limnophyton.
Another genus Caldesia of the same family Alismataceae has recently been investigated in India by Dutta (unpublished), who has observed 2n=22 chromo somes in it.
Similar to Alismataceae, in Butomaceae as well chromosome numbers varying from n=7 to n=13 and 2n=14 to 2n=39 have been reported in different genera together with the existence of aneuploidy and polyploidy.
The basic number so far reported in Tenagocharis is n=7, Hydrocleis n=8, Limnocharis n=10, and Butomus n=11-13.
In the species of Tenagocharis latifolia and Limnochayis flava too, 2n=14 and 2n=20 chromosomes respectively have been recorded in the present investigation, confirming the previous reports (Rao 1953 , Sharma and Mukherjee 1955 , Harada 1956 able degree of intraspecific variation in this species also. The chromosome numbers deep-seated for Alismataceae are higher than those for Butomaceae.
As all the individuals of Butomus umbellatus are strictly aquatic, it may be helpful to make a chemical analysis of water of different areas in which the different species and individuals of Butomus grow. Such an investigation in conjunction with a thorough scrutiny of the different cytotypes of Butomus may yield facts of fundamental cytological interest.
Of the family Potamogetonaceae three taxa of Potamogeton have been in vestigated.
Two Types I and II of P. crisbus show 2n=52 and 78 chromosomes respectively and also differ markedly in phenotypic characters, the former having conspicuously smaller leaves than the latter, showing that cytotypes differ even in relation to external morphological characters.
In this species n=13 seems to be basic whereas in P. indicus (2n=42) chromosome numbers have been found to be multiples of fourteen. Though in this genus thirteen is the most prevalent basic number associated with a high degree of polyploidy in different species, a basic set of fourteen chromosomes has also been reported in P. kamogawaensis (2n=42), P. apertus (2n=42), P. cristatus (2n=28), P. fauriei (2n=28), P. monoginus (2n= 28), P. numasakinus (2n=28) and P. vasevi (2n=28) by Harada (1942 Harada ( , 1956 . The other aneuploid number counted in this genus is approximately 2n=88 in P. vaginatus by Palmgren (1939) . A high degree of polyploidy characterises the majority of the species of this genus.
In Ruppia and Zostera of this family low chromosome numbers are on record namely n=8 and n=6 respectively. In the former genus polyploidy and aneuploidy too have so far been found (Wulff 1937 , Harada 1948 , 1956 , Blackburn 1934 .
Only one species of Aponogeton namely A. natans has been studied in Aponoge tonaceae having 2n=76 chromosomes. This is the only high number so far reported in the family, as two other species namely A. distachus and A. fenestralis have shown n=8, ca. 16, 12 and n=8 chromosomes respectively (Sergueff 1907 , Sussenguth 1921 , Harada 1956 . So the present report gives a definite indica tion of polyploidy in evolution.
Of the family Najadaceae two species have been studied here, namely, N. minor and N. graminea, the former showing 2n=12 and the latter 2n=48 chromo somes. Previous reports too are similar for the former species (Harada 1943) . This genus has been investigated by different authors who have observed numerical variations between male and female plants, leading to the assumption of sex chromosomes in them. Of the twelve species of Najas so far reported by different authors, a high number of chromosomes namely 2n=48 has been observed only in two species so far. In other cases polyploidy has been recorded along with diploid species. In the present work, out of the two species investigated , one has been found to be a high polyploid. A study of other Indian species may reveal a high incidence of polyploidy in Indian waters.
In the family Hydrocharitaceae different chromosome numbers have been reported so far and both polyploidy and aneuploidy are prevalent. In Hydrocharis dubia n=11 and 2n=22 chromosomes have been observed. Other species of Hydrocharis show widely different chromosome numbers like 2n=16 in H. asiatica and 2n=28 in H. morassus-ranae (Harada 1956 , Maude 1940 ). This genus is evidently characterised by a high frequency of aneuploidy. In individuals of H. dubia investigated here, chromosome aberrations have been found to be very frequent. Variations with different chromosome numbers are observed in different somatic cells and in P.M.C.s as well. The survival of the aberrant numbers is also evidenced in the occurrence of numerically aberrant nuclei in the dividing pollen grains as well. In all cases the frequency of such aberrations has been found to be quite high and the normal number had to be found by a study of the frequency of occurrence of different nuclei. The persistence of abnormal numbers persist even upto the dividing pollen grains may indicate their importance in evolution. In H. dubia specially, both vegetative and sexual reproductions are effective and evolution of new genotypes either through vegetative or sexual means is possible in this species. In view of this irregularity in behaviour of chro mosomes in H. dubia the occurrence of aneuploidy in different taxa of Hydrocharis can be explained.
In Nechamandra alternifolia 2n=16 chromosomes and eight bivalents in meiosis have been observed. As no other taxon of Nechamandra has so far been studied it is not possible to state the line of evolution in this genus.
Another genus in which aneuploidy has been found to be prevalent is Ottelia. In the species common throughout Bengal, namely, O. alismoides 2n=44 and 52 chromosomes are reported by different authors (Harada 1965, Sharma and Bhattacharya 1956) . Lately other chromosome numbers as well have been counted in populations collected from different tanks (unpublished work from this laboratory).
As all individual populations have been found to represent different chromosome numbers, the adaptation of the particular genotype to its environment is indicated. Analysis of water of the different tanks is now in progress which may indicate the exact ecological environment to which the different numbers are adapted. The genus Hydrilla however has shown so far a uniform chromosome series, starting with the basic set of eight chromosomes. The other commonly occurring genus Vallisneria shows aneuploid chromosome numbers Though n=10 is deep seated for this genus, in V. spiralis n=8 and 9 chromosomes have been recorded by different authors as well (Winge 1923 (Winge , 1927 . Indication has further been ob tained of the existence of sex chromosomes in this dioecious genus. Harada (1946) has reported a species of Vallisneria where two different diploid numbers, namely sixteen and eighteen, have been observed. All these facts taken together indicate that both polyploidy and aneuploidy have been the principal factors in the evolution within the genus Vallisneria. The other genera of Hydrocharitaceae studied so far are Blyxa, Elodea, Enhalus, Halophila, Stratiotes and Trianea. In Blyxa too aneuploidy is frequent, as of the three species studied so far two show 2n=42 chromosomes whereas the other is characterised by 2n=72 chromosome (Harada 1956) . A constancy in chromosome number with the multiple of twelve has been found in majority of the species in Elodea. Only in E. callitricoides 2n=16 chromosomes have been reported by Heitz (1927) , which however is a derivation from its common series. Only one species of Enhalus has so far been studied where a low number of 2n=14 chromosomes have been counted (Janaki Animal 1955). In Halophila n=9 chromo somes have been observed in H. ovata (Harada 1951 ).
In the same species of Stratiotes, S. aloides n=12 and 2n=20 chromosomes have been reported by different authors (Schurhoff 1926 , Negodi 1929 indicating the possible existence of intraspecific aneurploidy. In Trianea bogotensis 2n=28 chromosomes have been observed by Geitler (1940) .
A resume of the different chromosome numbers in Hydrocharitaceae thus indicates that with the exception of one or two genera, both polyploidy and aneuploidy at intra and interspecific levels have contributed significantly to their evolution.
Such flexibility of genotypes has evidently helped in the wide distribution of the different taxa of the family and to their success in evolution. The acceleration of the evolutionary progress through chromosomal variations has been principally facilitated by both vegetative and sexual reproduction which are equally effective in this family. Structural alterations of chromosomes in the evolution of species. In addition to numerical alterations, evidences of structural alterations are not in frequent. The idiograms show that no two species are alike in their karyotypes. Even in Potamogeton crispus where two different cytotypes have been obtained with 2n=52 and 78 respectively, structural differences between chromosomes of the two are clear. The structural differences between different taxa not only involve alterations in size but positions of primary and secondary constrictions as well. In addition to perceptible structural alterations, evidently comparatively imperceptible alterations too occur, as in a number of cases the chromosome complements between two individuals of the same species have often been found to differ specially in relation to size. As an overall reduction or increase in size is generally noted, this difference is often attributed to other intracellular factors affecting the com plete stretching of chromosomes and not governed by any genes. A detailed probe in this direction is necessary to find out whether any genic influence is operative or not.
Possibility of the occurrence of biotypes. In view of the numerical and structural alterations discussed above the origin of different cytotypes in this family is quite expected. Chromosome complements in the same tissue often differ from each other, thus presenting a chromosome mosaic. The very effective sexual and vegetative propagation coupled with inconstancy in the somatic complement may contribute largely to the speciation in this family. Systematic status of Alismatales and Butomales. The two orders Alismatales and Butomales are considered as primitive by Hutchinson (1959) which have given rise to the other stocks of monocotyledons in divergent directions. Within Alismatales three families are included namely Alismataceae, Scheuchzeriaceae and Petrosavi aceae. Of Alismataceae species of Alisma, Caldesia, Echinodorus, Sagittaria and Limnophyton have been worked out but an absolutely symmetrical karyotype is not yet been found in any of them. The genera like Sagittaria, Limnophyton, Caldesia etc. have remarkably asymmetrical karyotypes involving not only unequal chromo some arms but size difference between different chromosomes as well. Only in the genus Alisma a considerable amount of symmetry in the karyotype has been noted in comparatively long chromosomes. In the rest of the genera the acrocentric chromosomes principally characterise the karyotype.
In Scheuchzeriaceae, the allied family, Scheuchzeria palustris is not only prominent for its asymmetry but also for its heavy reduction in chromosome size-an indication of its advanced status.
In view of these facts even if Alismatales is considered as a homogeneous assemblage and as representing a primitive stock, it is to be admitted that on cytological grounds it has highly advanced taxa evolving in divergent directions, though a few such as Alisma might be primitive and have contributed to other orders of monocotyledons.
The two families included within Butomales are Butomaceae and Hydrocharit aceae. In Butomaceae several genera have been worked out cytologically includ ing Limnocharis, Hydrocleis, Butomus and Tenagocharis but no karyotype has been found to be absolutely symmetrical in nature. Size difference marks the com plement at least in Butomus and Limnocharis. Only in Tenagocharis not only the chromosome number is low being n=7 in T. latifolia but at the same time size difference between members is not so marked as in others. Moreover metacentric chromosomes are more in number as compared to acrocentric ones. From a study of the karyotype at least Tenagocharis seems to represent a primitive level in evolution. Similar to Alismataceae, Butomaceae too, should be considered as representing an active line of evolution in which some of the primitive genera such as Tenagocharis might have been the ancestral stock of certain monocotyledons where as the other genera have reached the high level of evolution in themselves.
Position of Hydrocharitaceae. In Hydrocharitaceae, the other family of Butom-ales the developmental progress has been fairly high both in the cytology as well as in external morphology. Several genera in this family have been worked out namely Vallisneria, Hydrilla, Ottelia, Nechamandra, Hydrocleis, Enhalus etc. In none of the genera, symmetry in karyotype has been noted. Size difference between the members is not only present but at the same time centromeres are mostly nearly subterminal in position. In Nechamandra however comparatively less asymmetry in the karyotype has been recorded.
Along with this specialization in chromosome characteristics, a high degree of progress has been observed in the floral biology in certain genera.
Leaving aside unisexuality which is very common in majority of the genera, special mechanism for pollination is characteristic for several taxa. All these facts taken together decidedly indicate an advanced status of this family. Genera like Nechamandra possibly serve to maintain a link between other highly evolved members of this family on one hand and the primitive taxa of Butomales on the other. Even if on taxonomic grounds, Hydrocharitaceae is kept within Butomales, it should be regarded as a family which has not contributed to any other group of monocotyledons and has reached a high degree of development in one direction. It possibly represents a side line of development from primitive Butomales.
A special feature in the karyotype characteristic for all families of Alismatales and Butomales is worth comment. The idiograms reveal that in all the genera investigated in the present scheme of work namely Limnophyton, Hydrocharis, Butomus, Tenagocharis, Sagittaria and Limnocharis, one pair of chromosomes distinctly longer than the rest. This pair, which has a median primary con striction is so conspicuous that it may be regarded as a marker chromosome for all these genera. This characteristic in itself binds the entire group of genera in one assemblage. Alismatales and Butomales are regarded as natural assemblages by taxonomists (Hutchinson 1959) in spite of their certain diversities in characters noted in different families. Hutchinson (1959) suggested a diphyletic origin of Monocotyledons, through Alismatales and Butomales from Ranunculoideae and Helleboroideae of Ranales. This particular common feature in the karyotype of Alismatales and Butomales may be due to their ancestry from allied tribes of the same order Ranales. A thorough investigation into cytology of different genera of Ranunculoideae and Helleboroideae may provide further confirmation to this assumption.
Further lines of evolution as indicated by Najas, Potamogeton and Aponogeton. The three other orders represented in the present work are Potamogetonales, Apono getonales and Najadales.
Hutchinson in his aquatic line of evolution has considered the Najadales as representing the climax order derived from Aponogetonales through Juncaginales from Alismatales. Potamogetonales is regarded as a side line of de velopment below Juncaginales.
The chromosomes in different species of Potamogeton and Aponoggeton investigated here have shown remarkable similarities.
All of them are very short with gradation in the karyotype and constrictions being mostly median in position. The number of satellites too finds parallel to some extent. The very fact of the chromosome size and high number suggests an advanced degree of development which has evolved to a considerable extent from a primitive order Alismatales.
The position of the two in same line of evolution is also thus justified. The relative systematic status of the two in the same line may for the present be accepted on the taxonomic grounds.
Species of Najas however present a different picture. The chromosome numbers here starting from n=6 to n=24 have been observed by different authors. The chromosome size too is fairly long, shorter than that of Alismatales and Butom ales but much longer than that of Aponogetonales and Potamogetonales. Con strictions too are mostly median in position, and the karyotype is graded. If increase in chromosome number and consequent decrease in the total amount of chromatin matter is to be regarded as a tendecy in evolution as noted in other taxa of monocotyledons, then the position of Najadales after Potamogetonales and Aponogetonales can not at all be justified. On the other hand species of Najas represent an advanced level of evolution in their external morphology.
The vegetative characters are well adapted for aquatic environment and unisexuality is nearly universal. Such considerations have naturally led the taxonomists to treat it as a highly evolved and advanced family.
In view of these considerations it is better to consider Najadales as representing a distinct line of evolution, though aquatic line from Alismatales. This line is entirely independent of Aponogetonales and Potamogetonales. By assuming such an independent evolutionary system for this order the cytological characteristics associated with high degree of development in vegetative and floral characters of Najadales can be explained. Najadales on the other hand should be regarded as representing a distinct line of evolution which is entirely independent of Aponogetonales and Potamogetonales.
